Contrary to popular assumption, the interaction of a composite system with an external electromagnetic field is not equal to the sum of the individual Foldy-Wouthuysen interactions of. the constituents if -the constituents have spin.
The terms proportional to (MTma) -1 Or thTrrmb) -1 are correction terms to F-W additivity. For a uniform electric field, the "spin-orbit" terms combine to
The presence of these 1fspin-orbit71 terms is essential in obtaining the correct low energy limit of the Compton scattering amplitude and the DHG sum rule. With the inclusion of the terms arising from the spin transformation of the wavefunction, we are able to verify explicitly both the DHG sum rule and the low energy theorem for Compton scattering 10 . Thus-we have.-shown that there is nothing in the treatment of loosely bound composite systems which introduces into the dispersion relation an additive constant. After our calculations were completed, we learned that the DHG sum rule and the threshold theorem for
Compton scattering have also been verified independently by H. Osborn", using different methods.
Let us now trace the origin of the correct spin-orbit terms.
Since momentum is transferred, the matrix element of the external potential requires knowledge of the bound state wavefunction at different total momenta. -As is well known, the wavefunction for a moving system is determined from the CM wavefunction by application of the Lorentz boost operator. =~~ (l+gz).
Thus if the bound state wavefunction in the CM has the Dirac structure 13 (3) then, as shown by McGee 14 for the case of an unbound system, the wavefunction in the moving frame must have the structure
Wave packet representations of the moving composite system can be constructed from a superposition of such wavefunctions. The possibly unexpected feature of (6) is the appearance of extra terms in the large components. Physically, they -5-correspond to the fact that a spin triplet wave'function in the CM frame appears partially as a spin singlet in the moving frame 14 . It is just these terms which are ignored in the usual F-W analysis.
It is worth noting that there is nothing wrong in principle in using the F-W transformation to eliminate "odd" operators in the relativistic Hamiltonian.
What is incorrect is to assume that this reduces the bound state wavefunction to a simple Pauli form, Inserting a F-W unitary operator U in the matrix element, one obtains
The presence of the Lorentz boost operator S introduces the extra terms into the matrix element which appear in (l). These terms can also be obtained by the usual large component reduction method. Phys. Rev. 165, 1594 (1968 have shown that such an additive constant in the DHG sum rule would corresponcl
